Abstract Entomopathogens are important natural enemies of many insect and mite species and as such have been recognised as providing an important ecosystem service. Indeed, fungal entomopathogens have been widely investigated as biological control agents of pest insects in attempts to improve the sustainability of crop protection. However, even though our understanding of the ecology of fungal entomopathogens has vastly increased since the early 1800s, we still require in-depth ecological research that can expand our scientific horizons in a manner that facilitates widespread adoption of these organisms as efficient biological control agents. Fungal entomopathogens have evolved some intricate interactions with arthropods, plants and other microorganisms. The full importance and complexity of these relationships is only just becoming apparent. It is important to shift our thinking from conventional biological control, to an understanding of an as yet unknown ''deep space''. The use of molecular techniques and phylogenetic analyses have helped us move in this direction, and have provided important insights on fungal relationships. Nevertheless, new techniques such as the PhyloChip and pyrosequencing might help us see beyond the familiar fields, into areas that could help us forge a new understanding of the ecology of fungal entomopathogens.
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Fungi have a profound impact on global ecosystems. They modify our habitats and are essential for many ecosystem functions Blackwell et al. (2006) .
It has been estimated that the Kingdom Fungi consists of 1.5 million species (Hawksworth 2001; Mueller and Schmit 2007; Schmit and Mueller 2007) , with approximately 110,000 described species (Kirk et al. 2008) . Of these, 700 species in 90 genera are recognized as insect pathogens (Roberts and Humber 1981) , and approximately 170 pest control products have been developed based on at least 12 species of fungal entomopathogens (de Faria and Wraight 2007) . Undoubtedly, fungal entomopathogens are important natural enemies of many insect and mite species and as such, provide an important ecosystem service contributing to pest control with minimal detectable negative effects on the environment (Vestergaard et al. 2003) . However, the small subset of fungi developed as biological control agents have had limited success. Our ability to employ them effectively and reliably for pest control in the field has not matched up to expectations (Vestergaard et al. 2003; Chandler et al. 2008; Vega et al. 2009 ). In part, this may be because of variable and unpredictable levels of efficacy compared to chemical pesticides (Waage 1997; Vega et al. 2009 ), but we also lack some basic understanding of their ecology and evolution ). The importance of basic knowledge, theory and predictive ability in the use of biological control agents has been recognised for some time (Gurr et al. 2000) . However, the dearth of basic information on fungal entomopathogens is pronounced even though these organisms have historically dominated the field of microbial control (Lord 2005) . Vega et al. (2009) have proposed the need for ''a new paradigm for fungal entomopathogens that should refocus our efforts and hopefully lead to exciting new findings.'' In this special issue of BioControl we report on some of the latest research, innovations and ideas relating to fungal entomopathogens within an ecological context. One of the most significant challenges facing insect pathologists is to understand the evolutionary history and relationships amongst fungal entomopathogens. Intricate interactions with arthropods, plants and other microorganisms are evident, but the full importance and complexity of these relationships is just becoming apparent. The advent of new molecular tools over the last few decades has dramatically improved the resolution of fungal systematics and there have been huge advances in this field (Blackwell et al. 2006; Hibbett et al. 2007; Humber 2008; Blackwell 2009; Enkerli and Widmer 2009) . The acquisition of a phylogeny enables us to examine evolutionary relationships and better understand and predict ecological interactions (Blackwell 2009 ). Molecular tools will provide methods for examining the host-pathogen dynamics in complex environments (Enkerli and Widmer 2009 ). Enkerli and Widmer (2009) comprehensively review the tools available within the context of population ecology studies. Meyling and Hajek (2009) provide an excellent background to ecological interactions relevant to fungal entomopathogens from a community ecology perspective. An ecological context is important for increasing our empirical understanding of host-parasite interactions and improving the efficacy of these microbes as biological control agents. Fungal entomopathogens often exist as patches in a spatially heterogeneous matrix (Rodríguez and Torres-Sorando 2001) and metapopulation dynamics could be particularly pertinent to describing these spatially distinct populations that are connected by dispersal. Meyling and Hajek (2009) describe how insects and their fungal pathogens could be used as model species for exploring metapopulation theory using experimental and predictive models.
In recent years there have been intriguing advances in our appreciation of the role of fungal entomopathogens beyond their applied role as biological control agents of insects. Pathogens have traditionally been neglected in life history studies and often considered as having negligible impact (Hawkins et al. 1997) . Hesketh et al. (2009) review the role of fungal entomopathogens as natural enemies of insects in semi-natural habitats, describing the theoretical host-pathogen models available to examine their role in population regulation. The need to consider the complexity, and particularly the heterogeneity, of semi-natural habitats within the context of theoretical models and as a framework for empirical studies is highlighted. However, Hesketh et al. (2009) acknowledge that fundamental gaps in our understanding of fungal entomopathogens from an ecological perspective, coupled with a lack of empirical data to test theoretical predictions, is impeding progress.
Ecological understanding has never been more vital than in this period of unprecedented environmental change:
Changes in biodiversity due to human activities were more rapid in the past 50 years than at any time in human history, and the drivers of change that cause biodiversity loss and lead to changes in ecosystem services are either steady, show no evidence of declining over time, or are increasing in intensity (Millennium Ecosystem Assessment 2005) .
Many studies on the effects of the major drivers of biodiversity loss (habitat destruction, invasive species, exploitation, climate change and pollution) involve just one trophic level and often just one species. Fungal entomopathogens provide an additional trophic level that should be included in such studies, particularly in relation to climate change and habitat destruction (Roy and Cottrell 2008; Roy et al. 2009 ). Cory and Ericsson (2009) review the literature on tri-trophic interactions encompassing fungal entomopathogens. The promising roles of plant volatiles and plant surface chemistry on ecological interactions between host insects and their pathogenic fungi are described. Although intriguing concepts such as the ''bodyguard hypothesis'' have been examined and demonstrated for natural enemies such as parasitoids and predators, there is a lack of empirical evidence for this in fungal entomopathogens. This is likely because there has simply been limited research in this field. Cory and Ericsson (2009) assess the relevance of plant-mediated effects on fungal entomopathogens and urge researchers to focus work on the considerable gaps in knowledge concerning fungal entomopathogens and tritrophic interactions.
Behavioural ecology will be critical in the exploration of tritrophic interactions. Baverstock et al. (2009) provide a review of fungal entomopathogens and insect behaviour. The behavioural response of an insect to a fungal pathogen will not only have a direct effect on the efficacy of the fungus as a biological control agent but also provide us with a model system for understanding interactions within guilds. Simple laboratory bioassays can provide a measure of insect mortality in the presence of a pathogen but experiments designed to include elements of spatial complexity are critical to improving accuracy of predictions. The papers reviewed by Baverstock et al. (2009) demonstrate this and reveal manipulations of host behaviour induced by fungi and countermeasures employed by the host (Roy et al. 2006 ). The often complex interactions between fungus and host are being unravelled through eloquent research and the importance of these often subtle behavioural modifications in determining the success or failure of biological control cannot be underplayed.
The opportunities and challenges provided by the soil environment, and specifically the rhizosphere, have long been recognised ) but only now are the subtleties slowly being revealed (Bruck 2009 ). There is no doubt that the ecology of fungal entomopathogens in the rhizosphere is a neglected area of research within insect pathology. A better understanding of their ecology in the rhizosphere will not only help in the development of successful microbial control strategies against root-feeding insect pests, but is also certain to reveal intriguing insights into the subterranean ''hidden depths'' of fungal entomopathogens. Ownley et al. (2009) review the ecology and evolution of fungal entomopathogens as antagonists of plant pathogens. Simultaneous biological control of both insect pests and plant pathogens has been reported for the hypocrealean fungal entomopathogens, Beauveria bassiana and Lecanicillium spp. and accumulating evidence shows that Beauveria spp. can colonize a wide array of plant species endophytically. Furthermore, traits that are important for insect pathogenicity are also involved in pathogenicity to phytopathogens.
From 1845 to 1916, Elie Metchnikoff assessed an insect disease of wheatchafers later identified as the hypocrealean fungus Metarhizium anisopliae (Lord 2005) . These early studies inspired many to focus their research on assessing the potential of fungal entomopathogens as microbial control agents. A series of papers in this special issue of BioControl explore advances in their use for biological control of pest insects. Jackson et al. (2009) eloquently describe the importance of linking ecology with formulation and Deep space and hidden depths 3 production of fungal entomopathogens for biological control. The commercial drivers of formulation (maximising yield, storage stability and ease of application) are often in conflict with ecological considerations. However, efficacy can be improved dramatically by considering ecological factors such as the importance of environmental conditions on the host-pathogen interaction ). Biological control strategies include classical, inundative augmentation and conservation approaches. Hajek and Delalibera (2009) examine the use of fungal entomopathogens in classical biological control and conclude that they have been used more frequently than other types of pathogens and provide a sustainable avenue for controlling arthropod pests, especially the increasing numbers of invasive species. Inundative biological control strategies rely on the released organism exerting control without subsequent transmission and reproduction in a similar way to a synthetic pesticide; the chemical paradigm. Jaronski (2009) aptly demonstrates the drawbacks of taking this approach in isolation with fungal entomopathogens. In most cases, effective application of sufficient inoculum to rapidly reduce pest numbers to below economic threshold levels is financially and logistically prohibitive. Biotic, abiotic and economic realities certainly restrict such an approach in most field situations although there have been some notable successes in controlling pest insects in glasshouses. Through a better understanding of the ecology of fungal entomopathogens and the dynamics of the pest, crop and environment, it may be possible to employ inundative application of fungi within ecologically based integrated pest management systems. However, it will be imperative that such strategies encompass the complex and multifaceted interactions that the released organism must contend with. The review on conservation biological control by Pell et al. (2009) explores the novel ways in which fungal entomopathogens can be enhanced in the environment. Understanding the dynamics of fungal entomopathogens at the field and landscape scale is imperative for implementing conservation biological strategies. There have been a number of eloquent studies demonstrating the potential of such an approach and these are comprehensively reviewed by Pell et al. (2009) .
The realm of ecology is vast and deciphering insect-fungal pathogen interactions within an ecological context will take us on voyages beyond our imagination. New and innovative methods will provide the inspiration to explore the hidden depths and deep space of these interactions. The PhyloChip microarray hybridization technique might point at what the future holds for mycological research. At present, the PhyloChip allows for the identification of bacterial and archaeal organisms using 16S rRNAtargeted oligonucleotide microarrays DeSantis et al. 2007 ). The method takes advantage of the variation in the 16S rRNA gene to capture the broad range of microbial diversity that may be present in a given sample, without the need for microbial cultivation. This high-throughput technique makes it possible to identify overall microbial diversity, and combined with dissection of specific insect tissues (e.g., foregut, midgut, hindgut), determine microbial communities in these tissues. A version is currently being developed for the analysis of fungal community diversity. Similarly, sequencing technologies such as 454-pyrosequencing now permit large numbers of shorter sequences (pyrotags) to be obtained from a large number of samples by employing sequence barcoding techniques . These approaches allow deeper profiling of complex microbial communities from the deep-sea (Sogin et al. 2006) to the gut microbiota of humans and 59 other mammals (Ley et al. 2008 ). Greif and Currah (2007) have shown that fungal entomopathogens are common components of the surface mycota of arthropods, and that they are not necessarily restricted to diseased insects. Once a microarray technique similar to the PhyloChip or pyrotag sequencing has been developed for fungal entomopathogens, what would their uses reveal in insects? Will fungal entomopathogens be found to be common inhabitants of the cuticle of uninfected insects? Could they also be common internal inhabitants of uninfected insects? Furthermore, using microarray techniques for sampling fungal entomopathogens as plant endophytes might reveal that they are much more common and globally distributed than is presently thought. Would the same situation occur in the rhizosphere? If the answer to any of these questions were positive, what would this imply for our understanding of fungal entomopathogens?
There might be a ''deep space'' that will only be revealed when we start to decipher the myriad fungal inhabitants in insects and plants, which at present remain in ''hidden depths''. The importance of these interactions has been superbly described by Berenbaum and Eisner (2008): There is no limit to what remains to be discovered in that interactive zone between macroorganism and microbe, where so many biological mutualisms and antagonisms play out. Microbes blanket the planet, and in their infinite variety they must be involved in infinite interactions. Deciphering these could lead to a vast increase in ecological knowledge, as well as to the isolation of natural products of unforeseen function.
Let the adventure begin!
